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module of the Apollo spacecraft system (8). The
propulsion and reaction control systems in this
vehicle comprise 1046 joints in stainless steel tubing
(3/16 to 2 in diameter, 0.016 to 0.057 in wall
thickness) carrying fuel, oxidiser (N,O 4) and helium
at pressures of up to 3000 psi. The gold-nickel alloy
is used because of its resistance to N 2O4 ; the brazing
is done with a portable clamp-on induction coil under
an inert gas shield.
The same alloy is one of three filler materials used
in the brazing of the thrust chamber of the F-1 engine
powering the first-stage Saturn V launch vehicle of
the Apollo spacecraft system (9). Each thrust cham-
ber, which must be fabricated to exceptionally high
reliability standards, has 178 primary tubes and 356
secondary tubes and is constructed mainly of a
high-temperature nickel alloy (Inconel X-750). The
joints are made by a three-step furnace brazing
process.
When complete freedom from oxidation is re-
quired in addition to all the useful characteristics of
gold-nickel alloys, gold-palladium alloys can be used.
These materials, some of which have relatively high
melting points (up to 1400 °C), and gold-palladium-
nickel alloys are often found useful in the first (i.e.,
high-temperature) stages of step-by-step brazing.
Detailed published information on the performance
of joints made with gold brazing alloys in various
structural materials for service in a wide range of
working media and under diverse conditions of stress
and temperature is unfortunately scarce. Neverthe-
less, the few applications described in this article
show quite clearly the importance, the present scope
and the potential future uses of materials of this kind.
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Gold in Electronic' Engineering
THE INTER.NEPCON CONFERENCE AND EXHIBITION
World consumption of gold in the electronics
industry is now around 100 tons a year and is rising.
This usage is, of course, scattered throughout many
hundreds of companies operating in this rapidly grow-
ing field, but an unusual opportunity to appreciate the
major importance of gold in both European and
American techniques of electronic circuit design and
production was presented at the "Inter-Nepcon 70"
held at Brighton in October. This combination of
conference and exhibition, organised by the American
journal Electronic Packaging and Production Magazine,
attracted over thirteen thousand engineers and more
than three hundred exhibitors.
The conspicuous role of gold, both in the papers
presented and in the exhibits on view, concerned two
distinct groups of components, the many types of
contacts and connectors on the one hand and thick film
circuits on the other. Increasing requirements of yield,
reliability, and long life, combined with the smaller
contact pressures available in miniaturised components,
have led to the widespread use of gold as a contact
material. Electroplating provides the answer in a great
number of cases, and electrolytes of many kinds are
available to provide high purity or alloyed gold deposits
of good ductility and low porosity for contacts, edge
connectors for printed circuit boards, semi-conductor
devices and other electronic assemblies. In addition
to conventional methods of electroplating, the use of
continuously or selectively gold plated base metal
strip from which parts can readily be produced is
clearly becoming of importance. For more critical
applications, metallurgically bonded gold inlays in base
metal strip can similarly, be formed into contacts or
connectors. All these products were well represented in
the exhibition, while a number of papers dealt with the
problems of achieving operational reliability in gold-
surfaced contacts and connectors when devices are so
small that only very low contact pressures are available.
In the production of integrated and hybrid thick
film circuits the individual components are produced
by screen printing and firing on to a ceramic substrate
a preparation containing one or more of the noble
metals dispersed with a powdered glaze or frit in an
organic medium. A wide range of gold-bearing
preparations of this type is now available from several
manufacturers, and these, together with appropriate
screen printing machines and specialised furnaces for
carrying out the carefully controlled firing operations
were exhibited, while a number of papers and open
discussions at the conference dealt with considerations
of the selection of these materials and their processing
into finished circuits.
